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(54) Method for driving semiconductor memory 

(57) A cell selecting transistor serially connected to 
a data read ferroelectric capacitor selected from plural 
ferroelectric capacitors for data read is turned on and 
other cell selecting transistors serially connected to the 
other ferroelectric capacitors are turned off. Thus, one 
electrode of the data read ferroelectric capacitor is con- 
nected to a set line through a first common node, and 
the other electrode of the data read ferroelectric capac- 
itor is connected to a load capacitor through a second 
common node. Next, after a reading voltage is applied 
to the set line so as to read a data stored in the data 
read ferroelectric capacitor, the reading voltage applied 
to the set line is removed. The reading voltage is set to 
such magnitude that displacement of polarization of the 
ferroelectric film of the data read ferroelectric capacitor 
is restored to that obtained before reading a data by re- 
moving the reading voltage. 



FIG. 1 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a nnethod for 
driving a semiconductor memory including a ferroelec- 
tric capacitor. 

[0002] A first known example of a semiconductor 
memory including a ferroelectric capacitor is composed 
of, as shown in FIG. 7, a field effect transistor (herein- 
after referred to as the FET) 1 and a ferroelectric capac- 
itor 2 with a drain region 1a of the FET 1 connected to 
a bit line BL, a source region 1 b of the FET 1 connected 
to an upper electrode of the ferroelectric capacitor 2 and 
a gate electrode 1c of the FET 1 connected to a word 
line WL. 

[0003] The semiconductor memory of the first con- 
ventional example employs the destructive read-out 
system in which a recorded data is erased in reading 
the data. Therefore, it is necessary to can^ out a rewrite 
operation after a data read operation, and hence, an op- 
eration for reversing the polarization direction of the fer- 
roelectric film {polarization reversing operation) should 
be carried out after every data read operation. 
[0004] Since a phenomenon designated as polariza- 
tion fatigue occurs in a ferroelectric film, the polarizing 
characteristic of the ferroelectric film is largely degraded 
when the polarization reversing operation is repeatedly 
carried out. 

[0005] As a countermeasure, a semiconductor mem- 
ory of a second conventional example as shown in FIG. 
7 has been proposed. Specifically, the semiconductor 
memory of the second conventional example employs 
the non-destructive read-out system in which a lower 
electrode 2b of a ferroelectric capacitor 2 is connected 
to a gate electrode 1c of an FET 1 so as to use the fer- 
roelectric capacitor 2 for controlling the gate potential of 
an FET 1. In FIG. 7, a reference numeral 3 denotes a 
substrate. 

[0006] In writing a data in the semiconductor memory 
of the second conventional example, a writing voltage 
is applied between an upper electrode 2a of the ferroe- 
lectric capacitor 2 working as the control gate and the 
substrate 3. 

[0007] For example, when a data is written by apply- 
ing a voltage (control voltage) positive with respect to 
the substrate 3 to the upper electrode 2a, downward po- 
larization is caused in a ferroelectric film 2c of the fer- 
roelectric capacitor 2. Thereafter, even when the upper 
electrode 2a is grounded, positive charge remains in the 
gate electrode 1 c of the FET 1 , and hence, the gate elec- 
trode 1c has a positive potential. 

[0008] When the potential of the gate electrode 1 c ex- 
ceeds the threshold voltage of the FET 1 , the FET 1 is 
in an on-state. Therefore, when a potential difference is 
caused between a drain region 1a and a source region 
1 b of the FET 1 , a current flows between the drain region 
la and the source region lb. Such a logical state of the 



2 

ferroelectric memory is defined, for example, as "1". 
[0009] On the other hand, when a voltage negative 
with respect to the substrate 3 is applied to the upper 
electrode 2a of the ferroelectric capacitor 2, upward po- 

5 larization is caused in the ferroelectric film 2c of the fer- 
roelectric capacitor 2. Thereafter, even when the upper 
electrode 2a is grounded, negative charge remains in 
the gate electrode 1c of the FET 1 , and hence, the gale 
electrode 1c has a negative potential. In this case, the 

10 potential of the gate electrode 1c is always lower than 
the threshold voltage of the FET 1 , and hence, the FET 
1 is in an off-state. Therefore, even when a potential dif- 
ference is caused between the drain region 1a and the 
source region 1 b of the FET 1 , no current flows between 

15 the drain region la and the source region lb. Such a 
logical state of the ferroelectric memory is defined, tor 
example, as "0". 

[0010] Even when the power supply to the ferroelec- 
tric capacitor 2 is shut off, namely, even when the volt- 

20 age application to the upper electrode 2a of the ferroe- 
lectric capacitor 2 is stopped, the aforementioned logical 
states are retained, and thus, a nonvolatile memory is 
realized. Specifically, when power is supplied again to 
apply a voltage between the drain region 1a and the 

25 source region 1c after shutting off the power supply for 
a given period of time, a current flows between the drain 
region la and the source region 1 b if the logical state is 
"1", so that the data "1" can be read, and no current flows 
between the drain region la and the source region lb 

30 if the logical state is "0", so that the data "0" can be read. 
[0011] In order to correctly retain a data while the pow- 
er is being shut off (which characteristic for retaining a 
data is designated as retention), it is necessary to al- 
ways keep the potential of the gate electrode 1c of the 

35 FET 1 to be higher than the threshold voltage of the FET 
1 when the data is "1 " and to always keep the potential 
of the gate electrode 1c of the FET 1 at a negative volt- 
age when the data is "0". 

[0012] While the power is being shut off, the upper 
40 electrode 2a of the ferroelectric capacitor 2 and the sub- 
strate 3 have a ground potential, and hence, the poten- 
tial of the gate electrode 1c is isolated. Therefore, ide- 
ally, as shown in FIG. 8, a first intersection c between a 
hysteresis loop 4 obtained in writing a data in the ferro- 
us electric capacitor 2 and a gate capacitance load line 7 
of the FET 1 obtained when a bias voltage is 0 V corre- 
sponds to the potential of the gate electrode 1c obtained 
in storing a data "1", and a second intersection d be- 
tween the hysteresis loop 4 and the gate capacitance 
50 load line 7 corresponds to the potential of the gate elec- 
trode 1c obtained in storing a data "0". In FIG. 8, the 
ordinate indicates charge Q appearing in the upper elec- 
trode 2a (or the gate electrode 1c) and the abscissa in- 
dicates voltage V. 
55 [0013] Actually, however, the ferroelectric capacitor 2 
is not an ideal insulator but has a resistance component, 
and hence, the potential of the gate electrode 1c drops 
through the resistance component. This potential drop 
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is exponential and has a time constant obtained by mul- 
tiplying parallel combined capacitance of the gate ca- 
pacitance ot the FET 1 and the capacitance of the ter- 
roelectric capacitor 2 by the resistance component of 
the ferroelectric capacitor 2. The time constant is ap- 
proximately 10"* seconds at most. Accordingly, the po- 
tential of the gate electrode 1c Is halved within several 
hours. 

[0014] Since the potential of the gate electrode 1c is 
approximately 1 V at the first intersection c as shown in 
FIG. 8, when the potential is halved, the potential of the 
gate electrode 1c becomes approximately 0.5 V, which 
Is lower than the threshold voltage of the FET 1 (gener- 
ally of approximately 0.7 V). As a result, the FET 1 that 
should be in an on-state is turned off In a short period 
of time. 

[001 5] I n this manner, although the ferroelectric mem- 
ory using the ferroelectric capacitor for controlling the 
gate potential of the FET has an advantage that a rewrite 
operation is not necessary after a data read operation, 
it has the following problem: The gate electrode of the 
FET obtains a potential atter writing a data, and the abil- 
ity for keeping the gate potential determines the reten- 
tion characteristic. Since the time constant until dis- 
charge of the ferroelectric capacitor is short due to the 
resistance component of the ferroelectric capacitor, the 
data retaining ability is short, namely, the retention char- 
acteristic is not good. 

[0016] For overcoming this problem, the present in- 
ventors have considered a semiconductor memory as 
shown in FIG. 9. Hereinafter, the semiconductor mem- 
ory of .FIG. 9 set forth as a premise of the invention is 
designated as a premise semiconductor memory. 
[0017] In a memory cell block in the first column of the 
premise semiconductor memory, a plurality of ferroelec- 
tric capacitors, for example, four ferroelectric capacitors 
CF11, CF21, CF31 andCF41 are serially connected to 
one another in a bit line direction, and the ferroelectric 
capacitors CF11 , CF21 , CF31 and CF41 are respective- 
ly connected to selecting field effect transistors (herein- 
after simply referred to as the selecting transistors) 01 1 , 
Q21, Q31 and Q41 in parallel. Thus, each of the ferro- 
electric capacitor and a corresponding one of the select- 
ing transistors together form a memory cell. To a lower 
end of a series circuit In the first column including the 
serially connected plural ferroelectric capacitors CF11, 
CF21, CF31 and CF41, a first reading field effect tran- 
sistor (hereinafter simply referred to as the reading tran- 
sistor) Q51 is connected for reading a data by detecting 
displacement of the polarization of a ferroelectric film of 
a ferroelectric capacitor selected from the plural ferroe- 
lectric capacitors CF1 1 , CF21 , CF31 and CF41 . 
[001 8] Also, in a memory cell block in the second col- 
umn, similarly to the first memory cell block, a plurality 
of ferroelectric capacitors CF12, CF22, CF32 and CF42 
are serially connected to one another in the bit line di- 
rection, and the ferroelectric capacitors CF12, CF22, 
CF32 and CF42 are respectively connected to selecting 
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transistors Q12, Q22, Q32 and Q42 in parallel. To a low- 
er end of a series circuit in the second column including 
the plural serially connected ferroelectric capacitors 
CF12, CF22, CF32 and CF42, a second reading tran- 

5 sistor Q52 Is connected tor reading a data by detecting 
displacement of the polarization of a ferroelectric film of 
a selected ferroelectric capacitor. 
[0019] The gate electrodes of the selecting transistors 
Q1 1 and Q1 2 included in the memory cells disposed on 

10 the first row are connected to a first word line WL1, the 
gate electrodes of the selecting transistors Q21 and Q22 
included In the memory cells disposed on the second 
row are connected to a second word line WL2, the gate 
electrodes of the selecting transistors Q31 and Q32 in- 

15 eluded in the memory cells disposed on the third row 
are connected to a third word line WL3, and the gate 
electrodes of the selecting transistors Q41 and Q42 in- 
cluded In the memory cells disposed on the fourth row 
are connected to a fourth word line WL4. 

20 [0020] An upper end of the series circuit in the first 
column, namely, the upper electrode of the ferroelectric 
capacitor CF11 disposed on the first row. is connected 
to a first control line (first set line) BS1 , the lower end of 
the series circuit in the first column, namely, the lower 

25 electrode of the ferroelectric capacitor CF41 disposed 
on the fourth row, is connected to the gate electrode of 
the first reading transistor Q51 , and the drain region of 
the first reading transistor Q51 Is connected to a first bit 
line BL1 . 

30 [0021] An upper end of the series circuit in the second 
column, namely, the upper electrode of the ferroelectric 
capacitor CF12 disposed on the first row, is connected 
to a second control line (second set line) BS2, the lower 
end of the series circuit in the second column, namely, 

35 the lower electrode of the ferroelectric capacitor CF42 
disposed on the fourth row, is connected to the gate 
electrode of the second reading transistor Q52, and the 
drain region of the second reading transistor Q52 is con- 
nected to a second bit line BL2. 

40 [0022] The source region of the first reading transistor 
Q51 and the source region of the second reading tran- 
sistor Q52 are connected to a plate line (reset line) CP. 
[0023] A write operation of the premise semiconduc- 
tor memory will now be described. In the following de- 

45 scription, a data is wrinen in, for example, the ferroelec- 
tric capacitor CF21 Included in the memory cell dis- 
posed in the first column and on the second row. 
[0024] First, a high voltage is applied to the word lines 
WL1 , WL3 and WL4 so as to turn on the selecting Iran- 

50 sistors Q11 , Q31 and Q41 , and a ground voltage is ap- 
plied to the word line WL2 so as to turn off the selecting 
transistor Q21 . In this manner, the ferroelectric capacitor 
CF21 is selected, and the capacitance of the ferroelec- 
tric capacitor CF21 and the gate capacitance of the first 

55 reading transistor Q51 are serially connected to each 
other. Therefore, one end of the series capacitance cir- 
cuit is connected to the well region of the first reading 
transistor Q51 and the other end of the series capaci- 
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tance circuit is connected to the first control line BS1 . 
[0025] Next, when the well region of the first reading 
transistor Q51 is grounded and a writing voltage is ap- 
plied to the first control line BS1 , the polarization direc- 
tion of the ferroelectric capacitor CF21 is changed in ac- 
cordance with the polarity of the writing voltage. There- 
after, when a high voltage is applied to the word line WL2 
so as to turn on the selecting transistor Q21 , the upper 
electrode and the lower electrode of the ferroelectric ca- 
pacitor CF21 are short-circuited, resulting in resetting 
the ferroelectric capacitor CF21. 

[0026] A read operation for reading a data from the 
ferroelectric capacitor CF21 included in the memory cell 
disposed in the first column and on the second row is 
carried out as follows: 

First, in the same manner as in a write operation, a 
high voltage is applied to the word lines WL1 , WL3 
and WL4 so as to turn on the selecting transistors 
Q1 1 , Q31 and Q41 , and a ground voltage is applied 
to the word line WL2 so as to turn off the selecting 
transistor Q21. Thus, the ferroelectric capacitor 
CF21 is selected, and the capacitance of the ferro- 
electric capacitor CF21 and the gate capacitance of 
the first reading transistor Q51 are serially connect- 
ed to each other. Therefore, one end of the series 
capacitance circuit is connected to the well region 
of the first reading transistor Q51 and the other end 
is connected to the first control line BS1. 
Next, the well region of the first reading transistor 
Q51 is grounded and a reading voltage is applied 
to the first control line BS1 . Thus, a voltage obtained 
by dividing the reading voltage in accordance with 
a capacitance ratio between the capacitance of the 
ferroelectric capacitor CF21 and the gate capaci- 
tance of the first reading transistor Q51 is applied 
to the gate electrode of the first reading transistor 
Q51, a current flows between the drain region and 
the source region of the first reading transistor Q51 
in accordance with the potential of the gate elec- 
trode thereof, and the current flows between the 
plate line CP and the first bit line BL1. 

[0027] In the premise semiconductor memory, the po- 
larization value of a ferroelectric film is different depend- 
ing upon a data written in a ferroelectric capacitor in- 
cluding the ferroelectric film, and hence, the change of 
the polarization value of the ferroelectric film caused in 
applying a reading voltage is also different depending 
upon the data. Since a ratio of the change of a polariza- 
tion value to the change of a voltage corresponds to ca- 
pacitance, the capacitance of a ferroelectric capacitor is 
different depending upon the polarization value of a fer- 
roelectric film corresponding to a written data. In other 
words, the capacitance of the selected ferroelectric ca- 
pacitor CF21 has a different value depending upon the 
polarization value of the ferroelectric film of the ferroe- 
lectric capacitor CF21 . 



[0028] The gate voltage of the first reading transistor 
Q51 Is determined on the basis of capacitance division 

between the capacitance of the ferroelectric capacitor 
CF21 and the gate capacitance of the first reading tran- 
5 sistor Q51. Therefore, the gate capacitance of the first 
reading transistor Q51 is changed depending upon the 
polarization value of the ferroelectric film of the ferroe- 
lectric capacitor CF21 . 

[0029] Accordingly, in accordance with a data written 

10 in the ferroelectric capacitor CF21 , a value of a current 
flowing between the source region and the drain region 
of the first reading transistor Q51 is changed. When this 
change of the current value is detected, the data written 
in the ferroelectric capacitor CF21 can be read. 

15 [0030] As described above, in the premise semicon- 
ductor memory, the ferroelectric capacitor is reset after 
writing a data therein, and hence, no voltage is applied 
to the ferroelectric capacitor during data retention time. 
Therefore, this semiconductor memory has a good re- 

20 tention characteristic. Specifically, the premise semi- 
conductor memory can attain a good retention charac- 
teristic by retaining the polarization state of a ferroelec- 
tric film instead of retaining a potential difference caused 
in a ferroelectric capacitor. 

25 [0031] In the premise semiconductor memory, how- 
ever, parasitic capacitances between the respective fer- 
roelectric capacitors and the reading transistor are dif- 
ferent depending upon the addresses of the ferroelectric 
capacitors. For example, when the parasitic capaci- 

30 tance present between the ferroelectric capacitor CF41 
on the fourth row and the first reading transistor Q51 is 
assumed to be q-i and the parasitic capacitance of each 
of the selecting transistors Q11, Q21, Q31 and Q41 is 
assumed to be the parasitic capacitance present in 

35 reading a data from the ferroelectric capacitor CF41 on 
the fourth row is q., while the parasitic capacitance 
present in reading a data from the ferroelectric capacitor 
CF1 1 on the first row is q-| + 3 x qg. 
[0032] Since the parasitic capacitances present be- 

40 tween the respective ferroelectric capacitors and the 
reading transistor are thus different depending upon the 
addresses, the gate voltage of the reading transistor is 
varied depending upon the address of a ferroelectric ca- 
pacitor to be read in a read operation. This disadvanta- 

45 geously makes the operation of the reading transistor 
unstable. 

SUMMARY OF THE INVENTION 

50 [0033] In consideration of the aforementioned con- 
ventional problems, an object of the invention is improv- 
ing the retention characteristic of a semiconductor mem- 
ory and stabilizing the operation of a reading transistor. 
[0034] In order to achieve the object, the method for 
55 driving a semiconductor memory of this invention is em- 
ployed In a semiconductor memory Including a memory 
cell block composed of a plurality of memory cells con- 
nected to one another in parallel and each including a 
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ferroelectric capacitor for storing a data in accordance 
with displacement of polarization of a ferroelectric film 
thereof and a celi selecting transistor connected to the 
ferroelectric capacitor in series; a set line connected to 
a first common node of two common nodes included in 
the memory cell block, a reading voltage being applied 
to the set line; and a load capacitor connected to a sec- 
ond common node of the two common nodes for detect- 
ing displacement of polarization of the ferroelectric film 
of a selected ferroelectric capacitor selected from a plu- 
ralilyof ferroelectric capacitors included in the plurality 
of memory cells, and the method comprises a first step 
of turning on one of the cell selecting transistors serially 
connected to the data read ferroelectric capacitor and 
turning off the other of the cell selecting transistors se- 
rially connected to ferroelectric capacitors from which a 
data IS not lo be read among the plurality of ferroelectric 
capacitors, whereby connecting a first electrode of the 
ddlH fCrid fcrfocleclric capacitor lo the sel line through 
the first common node and connecting a second elec- 
trode of the data read ferroelectric capacitor to the load 
capacitcr through the second common node; a second 
step of applying p. reading voltage to the set line; and a 
third step of removing the reading voltage applied to the 
8ct lino, and tho reading voltage applied in the second 
slop IS sot to such magnitude that displacement of po- 
lari>aiion o* iho forroGlGctric film of the data read ferro- 
eleciric capacitor is restored to displacement obtained 
before roadinp a data by removing the reading voltage 
in the third step. 

[0035] In the method for driving a semiconductor 
memory of this invention, the reading voltage applied in 
the second step is set to such magnitude that the dis- 
placement of the polarization of the ferroelectric film is 
restored lo thai obtained before reading a multi-valued 
data by removing the reading voltage in the third step. 
Therefore, when a data stored in the ferroelectric capac- 
itor is read, the read data is not destroyed, and hence, 
there is no need to carry out a data rewrite operation. 
Accordingly, since there is no need to carry out an op- 
eration for reversing the polarization direction of the fer- 
roelectric film (polarization reversing operation) after 
every data read operation, polarization fatigue is mini- 
mally caused in the ferroelectric film of the ferroelectric 
capacitor. As a result, the readable number of a semi- 
conductor memory can be largely improved. 
[0036] Also, in reading a dala by moving charge from 
the data read ferroelectric capacitor to the load capaci- 
tor, the other ferroelectric capacitors not selected are 
disconnected from the load capacitor by the cell select- 
ing transistors placed in an off-state. Therefore, since 
the unsclGctcd ferroelectric capacitors do not work as 
parasitic capacitance, a voltage applied to the toad ca- 
pacitor In reading a data can be prevented from varying. 
[0037] The method for driving a semiconductor mem- 
ory preferably further comprises, after the third step, a 
fourth step of making a potential difference caused be- 
tween the first electrode and the second electrode of the 
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data read ferroelectric capacitor zero. 
[0038] When the potential difference caused between 
the first electrode and the second electrode of the fer- 
roelectric capacitor is made zero aflerthe third step, po- 

5 tential lowering through a resistance component of the 
ferroelectric capacitor can be suppressed, resulting in 
improving the retention characteristic. 
[0039] In the method for driving a semiconductor 
memory, the reading voltage applied in the second step 

10 is preferably set to such magnitude that a potential dif- 
ference caused, in applying the reading voltage, be- 
tween the first electrode and the second electrode of the 
data read ferroelectric capacitor is smaller than a coer- 
cive voltage of the data read ferroelectric capacitor. 

15 [0040] By setting the reading voltage to such magni- 
tude, the displacement of the polarization of the ferroe- 
lectric film of the data read ferroelectric capacitor can 
be definitely restored to that obtained before reading the 
dala when the reading voltage applied in the second 

20 step is removed. 

[0041] In the method for driving a semiconductor 
memory, it is preferred that the plurality of ferroelectric 
capacitors are disposed on the side of the first common 
node and that the plurality of cell selecting transistors 

25 are disposed on the side of the second common node. 
[0042] When the ferroelectric capacitors and the cell 
selecting transistors are thus disposed, as compared 
with the case where the cell selecting transistors are re- 
spectively disposed between the first common node and 

30 the ferroelectric capacitors, parasitic capacitance con- 
nected to the second common node can be lowered. As 
a result, a read operation can be carried out more stably. 
[0043] In the method for driving a semiconductor 
memory, the load capacitor is preferably a field effect 

35 transistor whose gate electrode is connected to the sec- 
ond common node. 

[0044] In this case, the voltage applied In the second 
step can be divided in accordance with a capacitance 
ratio between the capacitance of the ferroelectric capac- 

40 ttor and the gate capacitance of the field effect transistor. 
Therefore, the voltage applied to theferroelectric capac- 
itor can be easily set to such magnitude that the dis- 
placement of the polarization of the ferroelectric film is 
restored to that obtained before reading a data. Further- 

45 more, the displacement of the polarization of the terro- 
electricfllm can be definitely detected by detecting a cur- 
rent flowing between the drain region and the source 
region of the field effect transistor. 

50 BRIEF DESCRIPTION OF THE DRAWINGS 

[0045] 

FIG. 1 is an equivalent circuit diagram of first and 
55 second memory cell blocks included in a semicon- 
ductor memory according to Embodiment 1 of the 
Invention; 

FIG. 2 is a diagram for explaining behavior of 
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charge and voltage in a read operation of the sem- 
iconductor nnemory of Embodiment 1 ; 
FIG. 3 is an equivalent circuit diagram of a first 
memory cell block Included in a semiconductor 
memory according to Embodiment 2 of the Inven- 
tion; 

FIG. 4 is an equivalent circuit diagram of a first 
memory cell block included in a semiconductor 
memory according to Embodiment 3 of the Inven- 
tion; 

FIG. 5 is an equivalent circuit diagram of a first 
memory cell block included in a semiconductor 
memory according to Embodiment 4 of the inven- 
tion; 

FIG. 6 is an equivalent circuit diagram of a memory 
cell included in a semiconductor memory according 
to a first conventional example; 
FIG. 7 Is an equivalent circuit diagram of a memory 
cell included in a semiconductor memory according 
to a second conventional example; 
FIG. 8 is a diagram for explaining behavior of 
charge and voltage in a read operation of the sem- 
iconductor memory of the second conventional ex- 
ample; and 

FIG. 9 is an equivalent circuit diagram of a semicon- 
ductor memory set forth as a premise of the inven- 
tion. 

DETAILED DESCRIPTION OF THE INVENTION 

EMBODIMENT 1 

[0046] A semiconductor memory and a method for 
driving the same according to Embodiment 1 of the in- 
vention will now be described with reference to FIG. 1. 
[0047] FIG. 1 IS an equivalent circuit diagram of first 
and second memory cell blocks included in the semi- 
conductor memory of Embodiment 1 . 
[0048] As shown in FIG. 1, in the first memory cell 
block, a plurality of ferroelectric capacitors CF11 . CF1 2, 
CF13 and CF14 each for storing a data in accordance 
with displacement of polarization of a ferroelectric film 
thereof are respectively connected to a plurality of cell 
selecting field effect transistors (hereinafter simply re- 
ferred to as the cell selecting transistors) Q1 1 , Q12, Q13 
and Q14 In series, so that a plurality of memory cells 
each composed of each of the ferroelectric capacitors 
and a corresponding one of the cell selecting transistors 
can be connected to one another in parallel. 
[0049] A first common node N11 of the first memory 
cell block is connected through a first memory cell block 
selecting field effect transistor (hereinafter simply re- 
ferred to as the first block selecting transistor) Q10 for 
selecting the first memory cell block to a first set line 
SET1 to which a reading voltage is applied. The gate 
electrode of the first block selecting transistor Q10 is 
connected to a block selecting line BS. A second com- 
mon node N12 is connected to a first reset line RST1 



through a first writing field effect transistor (hereinafter 
simply referred to as the first writing transistor) Q1 5 and 
also to the gate electrode of a first reading field effect 
transistor (hereinafter simply referred to as the first read- 

5 ing transistor) Q1 6 serving as a load capacitor. The gate 
electrode of the first writing transistor Q1 5 is connected 
to a first writing transistor control line RE1 , the drain re- 
gion of the first reading transistor Q16 is connected to 
a bit line BL, and the source region of the first reading 

10 transistor Q16 is connected to the first reset line RST1 . 
[0050] The gate electrodes of the cell selecting tran- 
sistors Q11, Q12, Q13 and Q14 are respectively con- 
nected to word lines WL11, WL12, WL13 and WL14. 
[0051] Also in the second memory cell block, a plural- 

15 ity of ferroelectric capacitors CF21, CF22, CF23 and 
CF24 each for storing a data in accordance with dis- 
placement of polarization of a ferroelectric film thereof 
are respectively connected to a plurality of cell selecting 
transistors Q21 , Q22, Q23 and Q24 in series, so that a 

^0 plurality of memory cells each composed of each of the 
ferroelectric capacitors and a corresponding one of the 
cell selecting transistors can be connected to one an- 
other in parallel. 

[0052] A first common node N21 of the second mem- 

25 ory cell block is connected through a second memory 
cell block selecting field effect transistor (hereinafter 
simply referred to as the second block selecting transis- 
tor) Q20 for selecting the second memory cell block to 
a second set line SET2 to which a reading voltage is 

so applied. The gate electrode of the second block select- 
ing transistor Q20 is connected to the block selecting 
line BS. A second common node N22 Is connected to a 
second reset line RST2 through a second writing field 
effect transistor (hereinafter simply referred to as the 

35 second writing transistor) Q25 and also to the gate elec- 
trode of a second reading field effect transistor (herein- 
after simply referred to as the second reading transistor) 
Q26 serving as a load capacitor. The gate electrode of 
the second writing transistor Q25 is connected to a sec- 

40 ond writing transistor control line RE2, the drain region 
of the second reading transistor Q26 is connected to the 
bit line BL and the source region of the second reading 
transistor Q26 is connected to the second reset line 
RST2. 

[0053] The gate electrodes of the cell selecting tran- 
sistors Q21, Q22, Q23 and Q24 are respectively con- 
nected to word lines WL21 , WL22, WL23 and WL24. 
[0054] As a characteristic of Embodiment 1 , the fer- 
roelectric capacitors CF11, CF12, CF13 and CF14 are 

so disposed on the side of the first common node N1 1 and 
the cell selecting transistors Q11, Q12, Q13 and Q14 
are disposed on the side of the second common node 
N12 in the first memory cell block, and the ferroelectric 
capacitors CF21, CF22, CF23 and CF24 are disposed 

55 on the side of the first common node N21 and the cell 
selecting transistors Q21, Q22, Q23 and Q24 are dis- 
posed on the side of the second common node N22 in 
the second memory cell block. 



11 



EP 1 187 140 A2 



12 



[0055] The plural ferroelectric capacitors CF11, 
CF12, CF13, CF14, CF21, CF22, CF23 and CF24 in- 
cluded in the first and second memory cell blocks have 
the same capacitance, and the plural cell selecting tran- 
sistors Q11, Q12, Q13, Q14, Q21, Q22, Q23 and Q24 
have the same size. 

[0056] Although not shown in FIG. 1 , the bit line BL is 
connected to a sense amplifier S A to which a reference 
voltage VREF is input, so that voltage change appearing 
on the bit line BL can be compared with the reference 
voltage VREF by the sense amplifier SA. Thus, a data 
stored in a selected lerroelectric capacitor can be read. 
» 

(Data write operation) 

[0057] A data write operation of the semiconductor 
memory of Embodiment 1 will now be described. In the 
following description, a data is written in, for example, 
the ferroelectric capacitor CF12 included in the memory 
cell in the second column of the first memory cell block. 
[0058] First, a high signal is applied to the block se- 
lecting line BS, the first writing transistor control line 
RE1 and the word line WL12 so as to turn on the first 
block selecting transistor Q1 0, the first writing transistor 
Q15 and the cell selecting transistor Q12. Also, a low 
signal is applied to the second writing transistor control 
line RE2 and the word lines WL1 1 , WL13, WL1 4, WL21 , 
WL22, WL23 and WL24 so as to turn off the second 
writing transistor Q25 and the cell selecting transistors 
Q11, Q13, Q14, Q21, Q22, Q23 and Q24. 
[0059] Thus, the memory cell in the second column of 
the first memory cell block is selected. 
[0060] Next, in writing a data "1", a high signal is ap- 
plied to the first set line SET1 and a low signal Is applied 
to the. first reset line RST1, and in writing a data "0", a 
low signal is applied to the first set line SET1 and a high 
signal Is applied to the first reset line RST1. 
[0061] Thus, a set voltage is applied to the upper elec- 
trode of the ferroelectric capacitor CF12 included in the 
memory cell in the second column of the first memory 
cell block and a reset voltage Is applied to the lower elec- 
trode of the ferroelectric capacitor CF12. Therefore, in 
writing a data "1", downward polarization is caused in 
the ferroelectric film of the ferroelectric capacitor CF12, 
and in writing a data "0", upward polarization is caused 
in the ferroelectric film of the ferroelectric capacitor 
CF12. 

[0062] Then, when the data write operation is com- 
pleted, after equalizing the potentials of the first set line 
SET1 and the first reset line RST1, a low signal is ap- 
plied to the block selecting line BS, the first writing tran- 
sistor control line RE1 and the word line WL1 2, so as to 
turn off the first block selecting transistor Q10, the first 
writing transistor Q15 and the cell selecting transistor 
Q12. 

[0063] In this manner, a potential difference caused 
between the upper electrode and the lower electrode of 
the ferroelectric capacitor CF12 is made zero. There- 



fore, when the power is shut off under this condition, the 
polarization of the ferroelectric film of the ferroelectric 
capacitor CF12 can be retained, so that the data written 
in the ferroelectric capacitor CF12 can be retained. In 
5 this manner, the semiconductor memory exhibits the 
function as a nonvolatile memory. 

(Data read operation) 

10 [0064] An operation for reading a data from the ferro- 
electric capacitor CF12 included in the memory cell in 
the second column of the first memory cell block will now 
be described. 

[0065] First, a high signal is applied to the block se- 
ts lecting line BS and the word line WL12 so as to turn on 
the first block selecting transistor Q10 and the cell se- 
lecting transistor Q12. Also, a low signal is applied to 
the first writing transistor control line RE1 and the word 
lines WL11, WU3, WL14, WL21, WL22, WL23 and 
20 WL24 so as to turn off the first writing transistor Q1 5 and 
the cell selecting transistors Q1 1 , Q13, Q14, Q21 , Q22, 
Q23 and Q24. Furthermore, a high signal is applied to 
the second writing transistor control line RE2 so as to 
turn on the second writing transistor Q25. 
25 [0066] Thus, the first set line SET1 is connected to the 
upper electrode of the ferroelectric capacitor CF12 and 
the lower electrode of the ferroelectric capacitor CF12 
is connected to the gate electrode of the first reading 
transistor Q1 6. The other ferroelectric capacitors CF1 1 , 
30 CF13 and CF14 of the first memory cell block are dis- 
connected from the first reading transistor Q1 6 and the 
ferroelectric capacitors CF21 , CF22, CF23 and CF24 of 
the second memory cell block are disconnected from the 
second reading transistor Q26. 
35 [0067] Under this condition, when a reading voltage 
(of, for example. 1.5 V) is applied to the first set line 
SET1 , a voltage obtained by dividing the reading voltage 
in accordance with a capacitance ratio between the ca- 
pacitance of the ferroelectric capacitor CF12 and the 
40 gate capacitance of the first reading transistor Q16 is 
applied to the gate electrode of the first reading transis- 
tor Q16. 

[0068] Since the polarization direction of the ferroe- 
lectric film of the ferroelectric capacitor CF1 2 is different 

45 between the case where the ferroelectric capacitor 
CF12 stores a data "1" and the case where it stores a 
data "0", the shape of a hysteresis line is different, and 
hence, the magnitude of a voltage applied to the gate 
electrode of the first reading transistor Q16 is different 

so between these cases. Accordingly, the gate potential of 
the first reading transistor Q1 6 is different in accordance 
with the stored data. This will now be described with ref- 
erence to FIG. 2. 

[0069] In assuming a point for keeping the polariza- 
55 tion to be the origin and the gate capacitance to be a 
load line, a state where a reading voltage of 1 .5 V is 
applied to the first set lineSETI is equivalent to the load 
line crossing the voltage axis (abscissa) at a point of 1 .5 
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V. This is equivalent to giving a first gate capacitance 
load line 8 with respect to a data "1 " and giving a second 
gate capacitance load line 9 with respect to a data "0" 

as shown in FiG. 2. 

[0070] When a voltage is applied to the first set line 
SET1, a voltage is also applied to the ferroelectric ca- 
pacitor CF12. Therefore, in the case where the first set 
line SET1 has a potential of 1.5 V, the polarization is 
changed along a first curve A when the data is "1" so as 
to be balanced at an intersection g between the first 
curve A and the lirst gate capacitance load line 8, and 
the polarization is changed along a second curve B 
when the data is "0" so as to be balanced at an inter- 
section h between the second curve B and the second 
gate capacitance load line 9. 

[0071] Intersections i, j and k detennine the distribu- 
tion of the poieniial in the respective polarized states. 
When me stored data is "1", a voltage of approximately 
0.7 V between ihe inlerseclion i and the inlerseclion j is 
distributed as the gale potential of the first reading tran- 
sistor Q16. and when the stored data is "0", a voltage of 
approximaicty 0.9 V between the intersection i and the 
intersection k is distributed as the gate potential of the 
first reading transistor Q16. 

[0072] Accordingly, when the threshold voltage of the 
first reading transistor Q16 is set to 0.8 V corresponding 
to an intermediate value between 0.7 V and 0.9 V, the 
first reading transistor Q1 6 is in an off -state in reading 
a data "V and is in an on-state in reading a data "0". 
[0073] Thorelofe. when a potential difference is in- 
duced between the bit line BL and the first reset line 
RST1 of FIG. 1 . no currentflows through the first reading 
transistor Q16 when a data "1" is stored and a cun-ent 
flows through the first reading transistor Q16 when a da- 
ta "0" is stored. Accordingly, it can be determined wheth- 
er the stored data is "1" or "0" by detecting a cun-ent 
flowing through the first reading transistor Q16 with the 
sense amplifier SA. 

[0074] In this read operation, when the stored data is 
"1", the application of the reading voltage to the first set 
line SET1 enhances the polarization but when the 
stored data is "0", the voltage application partially re- 
verses the polarization. Accordingly, it a voltage applied 
to the lerroeiectric capacitor CF1 2 exceeds the coercive 
voltage thereof, the polarization is reversed. However, 
in this embodiment, the voltage applied to the ferroelec- 
tric capacitor CF12 when the stored data is "0" is 0.6 V, 
which is lower than a point m corresponding to the co- 
ercive voltage. Therefore, the polarization is not re- 
versed and there is no fear of change of a stored data. 
[0075] At this point, the voltage applied between the 
first set line SET1 and the substrate of the first reading 
transistor Q16 is preferably distributed between a volt- 
age applied between the upper electrode and the lower 
electrode of the ferroelectric capacitor CF12 and a volt- 
age applied between the gate electrode and the sub- 
strate of the first reading transistor Q1 6 by adjusting the 
capacitance of the ferroelectric capacitor CF12 and the 
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gate capacitance of the first reading transistor Q16, so 
that the voltage applied to the ferroelectric capacitor 
CF1 2 can be set to a voltage not exceeding the coercive 
voltage thereof, namely, a voltage not reversing the po- 

5 larization. 

[0076] In Embodiment 1, the voltage applied to the 
ferroelectric capacitor CF12 in a read operation is set to 
a voltage not exceeding the coercive voltage of the fer- 
roelectric capacitor CF12, which does not limit the In- 

10 vention. The voltage may be set to such magnitude that 
the displacement of the polarization of the ferroelectric 
film of the ferroelectric capacitor CF12 can be restored 
to that obtained before reading the data by removing the 
reading voltage applied to the ferroelectric capacitor 

15 CF12. 

[0077] When the voltage is set to such magnitude, the 
polarization of the ferroelectric film of the ferroelectric 
capacitor CF12 is not reversed in a read operation, and 
hence, there is no need to carry out an operation for re- 

20 versing the polarization direction of the ferroelectric film 
(a polarization reversing operation) after every data 
read operation. Accordingly, polarization fatigue is min- 
imally caused in the ferroelectric film of the ferroelectric 
capacitor CF12, resulting in largely improving the reten- 

25 tion characteristic of the semiconductor memory. 

[0078] When the data read operation is completed, a 
low signal is applied to the first set line SET1 and the 
first reset line RST1 , so as to make a potential difference 
caused between the upper electrode and the lower elec- 

30 trode of the ferroelectric capacitor CF12 zero. 

[0079] Next, a high signal is applied to the first writing 
transistor control line RE1 so as to turn on the first writing 
transistor Q15. Thereafter, a low signal is applied to the 
block selecting line BS and the word line WL2 so as to 

35 turn off the first block selecting transistor Q10 and the 
cell selecting transistor Q12. 

[0080] During the read operation, the gate potential of 
the first reading transistor Q16 that is a floating node is 
varied due to a leakage current through the ferroelectric 

40 capacitor CF12 and the cell selecting transistor Q12, 
and the floating node is thus reset. 
[0081] In Embodiment 1, the ferroelectric capacitors 
CF11, CF12, CF13 and CF14 have the same capaci- 
tance and the cell selecting transistors Q11, Q12, Q13 

45 and Q14 have the same size, and hence, parasitic ca- 
pacitances present between the respective ferroelectric 
capacitors CF11, CF12, CF13 and CF14 and the first 
reading transistor Q16 are the same. Therefore, the 
problem of variation of the gate potential of the first read- 

50 ing transistor Q16 depending upon the address of the 
ferroelectric capacitor to be read can be avoided. 
[0082] Specifically, the cell selecting transistors Q1 1 , 
Q12, Q13 and Q14 are respectively connected between 
the ferroelectric capacitors CF11, CF12, CF13 and 

55 CF14 and the first reading transistor Q16 in the first 
memory cell block. Therefore, in reading a data by mov- 
ing charge from the ferroelectric capacitor CF12 includ- 
ed in the selected memory cell to the gate electrode of 
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the first reading transistor Q16, the ferroelectric capac- 
itors CF11, CF13 and CF14 included in the unselected 
memory cells are disconnected from the first reading 
transistor Q1 6 by the cell selecting transistors Q11 , Q1 3 
and 014 placed In an off-state. Accordingly, the ferroe- 
lectric capacitors CF11 , CF13 and CF14 included in the 
unselected memory cells and having large capacitance 
do not work as parasitic capacitance, resulting in pre- 
venting variation of the operation voltage of the first 
reading transistor Q16. 

[0083] During the read operation, the gate electrode 
of the second reading transistor Q26 is connected to the 
second reset line RST2 through the second writing tran- 
sistor Q25, and the second reading transistor Q26 can 
be definitely placed in an off-state by grounding the sec- 
ond reset line RST2. As a result, a data read operation 
can be stably carried out In the first memory cell block. 

EMBODIMENT 2 

[0084] A semiconductor memory and a driving meth-. 
od for the same according to Embodiment 2 of the in- 
vention will now be described with reference to FIG. 3. 
[0085] FIG. 3 is an equivalent circuit diagram of a first 
memory cell block included In the semiconductor mem- 
ory of Embodiment 2. A second memory cell block also 
has an equivalent circuit similar to that of the first mem- 
ory cell block but is herein omitted. 
[0086] As shown In FIG. 3, a plurality of ferroelectric 
capacitors CF11, CF12, CF13 and CF14 each for stor- 
ing a data in accordance with displacement of polariza- 
tion of a ferroelectric film thereof are respectively con- 
nected to a plurality of cell selecting transistors Q11, 
Q12, Q13 and Q14 in series, so that a plurality of mem- 
ory cells each composed of each of the ferroelectric ca- 
pacitors and a corresponding one of the cell selecting 
transistors can be connected to one another In parallel. 
[0087] A first common node N1 1 is connected through 
a first block selecting transistor Q10 to a first set line 
S ET1 to which a reading voltage is applied, and the gate 
electrode of the first block selecting transistor Q10 is 
connected to a block selecting line BS. A second com- 
mon node N12 is connected to a first reset line RST1 
through a first writing transistor Q1 5, and also to the gate 
electrode of a first reading transistor Q16 serving as a 
load capacitor. The gate electrode of the first writing 
transistor Q15 is connected to a first writing transistor 
control line RE1 , the drain region of the first reading tran- 
sistor Q16 is connected to a bit line BL and the source 
region of the first reading transistor Q1 6 is connected to 
the first reset line RST1. 

[0088] The gate electrodes of the cell selecting tran- 
sistors Q11, Q12, Q13 and Q14 are respectively con- 
nected to word lines WL11, WL12, WL13 and WL14. 
[0089] As a characteristic of Embodiment 2, the cell 
selecting transistors Q11, Q12, Q13 and Q14 are dis- 
posed on the side of the first common node N11, and 
the f erroelectric capacitor CF11,CF1 2, CF1 3 andCF14 



are disposed on the side of the second common node 
N12. 

[0090] Also in Embodiment 2, the plural ferroelectric 
capacitors CF11 , CF1 2, CF1 3 and CF1 4 have the same 

5 capacitance and the plural cell selecting transistors 
Q11, Q12, Q13 and Q14 have the same size. 
[0091 ] A method for driving the semiconductor mem- 
ory of Embodiment 2 Is the same as the driving method 
described In Embodiment 1 and hence the description 

?o is omitted. 

[0092] In the method for driving the semiconductor 
memory of Embodiment 2, the polarization of the ferro- 
electric film of the ferroelectric capacitor CF12 is not re- 
versed in a read operation as in the driving method of 

^5 Embodiment 1. Therefore, the polarization fatigue is 
minimally caused In the ferroelectric film of the ferroe- 
lectric capacitor CF1 2, resulting In largely Improving the 
retention characteristic of the semiconductor memory. 
[0093] Now, comparison between Embodiment 1 and 

20 Embodiment 2 will be described. The ferroelectric ca- 
pacitors CF11, CF12, CF13 and CF14 are disposed on 
the side of the first common node N11 and the cell se- 
lecting transistors Q1 1 , 012, Q13 and Q1 4 are disposed 
on the side of the second common node N1 2 in Embod- 

25 iment 1 . Therefore, as compared with the case where 
the cell selecting transistors Q11, Q12, Q13 and Q14 
are respectively disposed between the first common 
node Nil and the ferroelectric capacitors CF11, CF12, 
CF13 and CF14 as in Embodiment 2, time required for 

30 driving the memory can be shortened. Specifically, the 
gate-source capacitances of the cell selecting transis- 
tors Q11, Q13 and Q14 serially connected to the unse- 
lected ferroelectric capacitors CF11, CF13 and CF14 
work as parasitic capacitance in Embodiment 1 , but this 

35 parasitic capacitance Is so negligibly small that a high 
operation speed can be attained. In contrast, large ca- 
pacitances of the unselected ferroelectric capacitors 
CF11, CF13 and CF14 work as the parasitic capaci- 
tance, which disadvantageously elongates the time re- 

-^0 quired for driving the memory. 

EMBODIMENTS 

[0094] A semiconductor memory and a driving meth- 
45 od for the same according to Embodiment 3 of the in- 
vention will now be described with reference to FIG. 4. 
[0095] FIG. 4 is an equivalent circuit diagram of a first 
memory cell block Included in the semiconductor mem- 
ory of Embodiment 3. A second memory cell block also 
50 has an equivalent circuit similar to that of the first mem- 
ory cell block and is herein omitted. 
[0096] As shown in FIG. 4, in the first memory cell 
block, a plurality of ferroelectric capacitors CF1 1 , CF1 2, 
CF13 and CF14 each for storing a data in accordance 
55 with displacement of polarization of a ferroelectric film 
thereof are respectively connected, at their upper elec- 
trodes, to a plura!i^y of first cell selecting transistors 
QUA, Q12A. Q13A and Q14A and connected, at their 
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lower electrodes, to a plurality of second cell selecting 
transistors Q11 B, Q12B, Q13B and Q14B, sothat a plu- 
rality of memory cells each composed of each of the fer- 
roelectric capacitors, a corresponding one of the first cell 
selecting transistors and a corresponding one of the 5 
second cell selecting transistors can be connected to 
one another in parallel. 

[0097] A first common node N1 1 is connected through 
a first block selecting transistor Q10 to a first set line 
SET1 to which a reading voltage is applied, and the gate io 
electrode of the first block selecting transistor Q10 is 
connected to a block selecting line BS. A second com- 
mon node N12 is connected to a first reset line RST1 
through a first writing transistor Q1 5 and also to the gate 
electrode of a first reading transistor Q16 serving as a ^5 
load capacitor. The gate electrode of the first writing 
transistor Q15 is connected to a first writing transistor 
control line RE1 , the drain region of the first reading tran- 
sistor Q16 is connected to a bit line BL and the source 
region of the first reading transistor Q1 6 is connected to 
the first reset line RST1. 

[0098] The gate electrodes of the first cell selecting* 
transistors Q11A, Q12A, Q13A and Q14A are respec- 
tively connected to first word lines WL11A, WL12A, 
WL1 3A and WL1 4A, and the gate electrodes of the sec- ^5 
ond cell selecting transistors Q11B, Q12B, Q13B and 
Q14B are respectively connected to second word lines 
WL11B, WL12B, WL13B, and WL14B. 
[0099] As a characteristic of Embodiment 3, the first 
cell selecting transistors Q1 1 A, Q1 2A. Q1 3A and Q1 4A 30 
are respectively disposed between the ferroelectric ca- 
pacitors CF1 1 , CF1 2, CF1 3 and CF1 4 and the first com- 
mon node N1 1, and the second cell selecting transistors 
Q11B, Q12B, Q13B and Q14B are respectively dis- 
posed between the ferroelectric capacitors CF1 1 , CF1 2, 35 
CF13 and CF14 and the second common node N12. 
[0100] In Embodiment 3, the plural ferroelectric ca- 
pacitors CF11, CF12, CF13 and CF14 have the same 
capacitance, the plural first cell selecting transistors 
QUA, Q12A, Q13A andQ14A have the same size, and 40 
the plural second cell selecting transistors Q1 1 B, Q12B, 
Q13B and Q14B have the same size. 
[0101] In conducting a data write operation or a data 
read operation in the memory cell block of the semicon- 
ductor memory of Embodiment 3, the first cell selecting 
transistor Q1 2A and the second cell selecting transistor 
Q12B serially connected to the ferroelectric capacitor 
CF12 included in the selected memory cell are turned 
on. Thus, the upper electrode of the selected ferroelec- 
tric capacitor CF1 2 is connected to the first set line SET1 50 
through the first cell selecting transistor Q12A and the 
lower electrode of the selected ferroelectric capacitor 
CF12 is connected to the first reset line RST1 through 
the second cell selecting transistor Q12B. The first cell 
selecting transistors Q11A, Q13A and Q14A and the 55 
second cell selecting transistors Q11B, Q13B and 
Q14B serially connected to the ferroelectric capacitors 
CF11, CF13 and CF14 included in the unselected mem- 



ory cells are turned off. 

[0102] In Embodiment 1 or 2, a small voltage is ap- 
plied between the upper electrode and the lower elec- 
trode of each of the unselected ferroelectric capacitors 
CF11, CF13 and CF14. In contrast, the unselected fer- 
roelectric capacitors CF1 1 , CF1 3 and CF1 4 are definite- 
ly disconnected from the first set line SET1 and the first 
reset line RST1 in Embodiment 3. Accordingly, no volt- 
age is applied between the upper electrot io and the low- 
er electrode of each of the unselected fei roelectric ca- 
pacitors CF11, CF13 andCF14. 

EMBODIMENT 4 

[0103] A semiconductor memory and a driving meth- 
od for the same according to Embodiment 4 of the in- 
vention will now be described with reference to FIG. 5. 
[0104] FIG. 5 is an equivalent circuit diagram of a first 
memory cell block included in the semiconductor mem- 
ory of Embodiment 4. A second memory cell block also 
has an equivalent circuit similar to that of the first mem- 
ory cell block but is herein omitted. 
[01 Q5] As shown in FIG. 5, in the first memory cell 
block, a plurality of ferroelectric capacitors CF1 1 , CF1 2, 
CF13 and CF14 each for storing a data in accordance 
with displacement of polarization of a ferroelectric film 
thereof are respectively connected to a plurality of cell 
selecting transistors Q11, Q12, Q13 and Q14 In series, 
so that a plurality of memory cells each composed of 
each of the ferroelectric capacitors and a corresponding 
one of the cell selecting transistors can be connected to 
one another in parallel. 

[0106] A first common node Nil is connected through 
a first block selecting transistor Q10 to a first set line 
SET1 to v.'hich a reading voltage is applied, and the gate 
electrode of the first block selecting transistor Q10 is 
connected to a block selecting line BS. A second com- 
mon node N12 's connected to a first reset line RST1 
through a first writing transistor Q1 5 and also to the gate 
electrode of a first reading transistor Q16 serving as a 
load capacitor. The gate electrode of the first writing 
transistor Q15 is connected to a first writing transistor 
control line RE1 , the drain region of the first reading tran- 
sistor Q16 is connected to a bit line BL and the source 
region of the first reading transistor Q1 6 is connected to 
the first reset line RST1 . 

[0107] The gate electrodes of the cell selecting tran- 
sistors Q11, Q12, Q13 and Q14 are respectively con- 
nected to word lines WL11, WL12, WL13 and WL14. 
[0108] Also in Embodiment 4, the plural ferroelectric 
capacitors CF11, CF12, CF13 and CF14 have the same 
capacitance and the plural cell selecting transistors 
Q11, Q12, Q13 and Q14 have the same size. 
[0109] As a characteristic of Embodiment 4, a reset 
transistor Q17 is connected between the first common 
node N11 and the second common node N12, and the 
gate electrode of the reset transistor Q17 is connected 
to a reset control line SE. 
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[0110] In Embodiment 4. after a data write operation 
and a data read operation, a high signal Is applied to the 
reset control line SE so as to turn on the reset transistor 
Q17. 

[0111] Accordingly, a potential difference caused be- 
tween the upper electrode and the lower electrode of a 
ferroelectric capacitor can be definitely made zero in a 
short time after completing a data write operation and a 
data read operation. 

[0112] In each of Embodiments 1 through 4, the first 
reading transistor Q16 is used as a load capacitor, and 
a voltage obtained by dividing the reading voltage in ac- 
cordance with a ratio between the capacitance of the 
ferroelectric capacitor and the gate capacitance of the 
first reading transistor Q16 Is applied to the gate elec- 
trode of the first reading transistor Q16, so that a data 
stored In the ferroelectric capacitor can be read by de- 
tecting a difference in the current flowing between the 
drain region and the source region of the first reading 
transistor Q16 in accordance with the gate potential. 
However, the first reading transistor Q16 may be re- 
placed with another load capacitor. For example, the 
first reading transistor Q16 may be replaced with a line, 
so that a voltage obtained by dividing the reading volt- 
age in accordance with a ratio between the capacitance 
of the ferroelectric capacitor and the line capacitance of 
the line can be applied to the line so as to be detected 
by a sense amplifier. 



Claims 

1 . A method for driving a semiconductor memory, 

said semiconductor memory including a mem- 
ory cell block composed of a plurality of mem- 
ory cells connected to one another in parallel 
and each including a ferroelectric capacitor for 
storing a data in accordance with displacement 
of polarization of a ferroelectric film thereof and 
a cell selecting transistor connected to said fer- 
roelectric capacitor in series; a set line connect- 
ed to a first common node of two common 
nodes included in said memory cell block, a 
reading voltage being applied to said set line; 
and a load capacitor connected to a second 
common node of the two common nodes for de- 
tecting displacement of polarization of the fer- 
roelectric film of a selected ferroelectric capac- 
itor selected from a plurality of ferroelectric ca- 
pacitors included in said plurality of memory 
cells, the method comprising: 
a first step of turning on one of said cell select- 
ing transistors serially connected to said data 
read ferroelectric capacitor and turning off the 
other of said cell selecting transistors serially 
connected to ferroelectric capacitors from 
which a data is not to be read among said plu- 



rality of ferroelectric capacitors, whereby con- 
necting a first electrode of said data read ferro- 
electric capacitor to said set line through said 
first common node and connecting a second 
5 electrode of said data read ferroelectric capac- 

itor to said load capacitor through said second 
common node; 

a second step of applying a reading voltage to 
said set line; and 

10 a third step of removing said reading voltage 

applied to said set line, 

wherein said reading voltage applied in the sec- 
ond step is set to such magnitudethat displace- 
ment of polarization of the ferroelectric film of 
15 said data read ferroelectric capacitor is re- 

stored to displacement obtained before reading 
a data by removing said reading voltage in the 
third step. 

20 2. The method for driving a semiconductor memory of 
Claim 1 , further comprising, after the third step, a 
fourth step of making a potential difference caused 
between said first electrode and said second elec- 
trode of said data read ferroelectric capacitor zero. 

25 

3. The method for driving a semiconductor memory of 
Claim 1 , 

wherein said reading voltage applied in the sec- 
30 ond step is set to such magnitude that a poten- 

tial difference caused, in applying said reading 
voltage, between said first electrode and said 
second electrode of said data read ferroelectric 
capacitor is smaller than a coercive voltage of 
35 said data read ferroelectric capacitor. 

4. The method for driving a semiconductor memory of 
Claim 1 , 

40 wherein said plurality of ferroelectric capacitors 

are disposed on the side of said first common 
node and said plurality of cell selecting transis- 
tors are disposed on the side of said second 
common node. 

45 

5. The method for driving a semiconductor memory of 
Claim 1, 

wherein said load capacitor is a field effect tran- 
50 sistor whose gate electrode is connected to 

said second common node. 
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